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(54) MULTILAYER CAPACITOR, ELECTRONIC DEVICE AND HIGH- FREQUENCY 
CIRCUIT USING THE CAPACITOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enable reduction in the 
equivalent serial inductance of a multilayer capacitor. 
SOLUTION: First and second internal electrodes 10 and 
1 1 mutually opposed to each other via an dielectric layer 
9, in the interior of a capacitor main body 2 are extended 
so as to connect two end faces 7 and 7 of the main body 
2 and two side faces 5 and 6 thereof respectively, end 
face terminal electrodes 12 and 13 are provided on the 
two end faces 7 and 8, and side face terminal electrodes 
14 and 15 are provided respectively on the tow side 
faces 5 and 6. Then a dimension W or the main body 2 
in the width direction is selected to be in the range of 
0.9-1.1 times a dimension L thereof in the longitudinal 
direction. Furthermore, when the dimension W ands L 

are set to 'a' and the width of the internal electrodes 10 and 1 1 is set to 'b', it is preferable that 
the relationship 0.45£b/a£0.90 be satisfied. 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To enable reduction in the equivalent serial 
inductance of a multilayer capacitor. 

SOLUTION: First and second internal electrodes 10 and 11 mutually opposed to 
each other via an dielectric layer 9, in the interior of a capacitor main body 2 are 
extended so as to connect two end faces 7 and 7 of the main body 2 and two 
side faces 5 and 6 thereof respectively, end face terminal electrodes 12 and 13 
are provided on the two end faces 7 and 8, and side face terminal electrodes 14 
and 15 are provided respectively on the tow side faces 5 and 6. Then a 
dimension W or the main body 2 in the width direction is selected to be in the 
range of 0.9-1.1 times a dimension L thereof in the longitudinal direction. 
Furthermore, when the dimension W ands L are set to 'a 1 and the width of the 
internal electrodes 10 and 1 1 is set to f b', it is preferable that the relationship 0.45 
<b/a<0.90 be satisfied. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The appearance is specified with the die-length direction dimension, a 
crosswise dimension, and the thickness direction dimension. The 1st and 2nd 
principal planes which are specified with said die-length direction dimension and 
said crosswise dimension and which carry out phase opposite, The 1st and 2nd 
side faces which are specified with said die-length direction dimension and said 
thickness direction dimension and which carry out phase opposite, It has the 
body of a capacitor which has the 1st and 2nd end faces which are specified with 
said crosswise dimension and said thickness direction dimension, and which 
carry out phase opposite. And said body of a capacitor It has at least one pair of 



1st and 2nd internal electrodes which counter mutually through said specific 
dielectric layer so that two or more dielectric layers prolonged in the direction of 
said principal plane and a capacitor unit may be formed. Said 1st internal 
electrode is prolonged so that between said 1st and 2nd end faces may be 
connected. And said 2nd internal electrode It extends so that between said 1st 
and 2nd side faces may be connected. On said 1st and 2nd end faces The 1st 
and 2nd end-face terminal electrodes connected electrically are prepared in each 
edge of said 1st internal electrode, respectively. On said 1st and 2nd side faces It 
is the multilayer capacitor from which the 1st and 2nd side-face terminal 
electrodes connected electrically are prepared in each edge of said 2nd internal 
electrode, respectively, and said crosswise dimension of said body of a capacitor 
is chosen within the limits of 0.9 to 1.1 times of said die-length direction 
dimension. 

[Claim 2] Each width of face of said 1st and 2nd internal electrodes is the 
multilayer capacitor of the publication of claim 1 which has the equal dimension 
uniformly mutually, respectively. 

[Claim 3] Said die-length direction dimension and said crosswise dimension of 
said body of a capacitor are the multilayer capacitor of claim 1 or the publication 
of two chosen within the limits of 1 .5-4.0mm. 

[Claim 4] The dimension of each width of face of said 1 st and 2nd internal 
electrodes is a multilayer capacitor according to claim 3 chosen within the limits 
of 0.9-2.5mm. 

[Claim 5] It is the multilayer capacitor according to claim 1 to 4 chosen so that 
said a and said b may be set to 0.45 <=b/a<=0.90 when said die-length direction 
dimension and said crosswise dimension are set to a and width of face of said 
1st internal electrode and width of face of said 2nd internal electrode are set to b. 
[Claim 6] Said a and said b are a multilayer capacitor according to claim 5 
chosen so that it may be set to 0.50 <=b/a<=0.85. 

[Claim 7] The specific inductive capacity of the dielectric which constitutes said 
dielectric layer is a multilayer capacitor according to claim 1 to 6 which is 50 or 



less. 

[Claim 8] A multilayer capacitor [ equipped with said two or more pairs of 1st and 
2nd internal electrodes ] according to claim 1 to 7. 

[Claim 9] For said 1st and 2nd internal electrodes, said 1st and 2nd principal 
planes of said body of a capacitor are the multilayer capacitors according to 
claim 1 to 8 arranged in the location which inclined toward the side either. 
[Claim 10] The multilayer capacitor according to claim 1 to 9 whose primary 
resonance frequency of the is 1GHz or more and whose secondary resonance 
frequency is 1 .5 or more times of primary resonance frequency. 
[Claim 1 1] An electronic instrument equipped with the wiring substrate which is 
located so that a multilayer capacitor according to claim 1 to 10 and said 1st or 
2nd principal plane may be countered, and mounts said multilayer capacitor. 
[Claim 12] An electronic instrument equipped with the wiring substrate which is 
located so that either of said 1st and 2nd principal planes of said body of a 
capacitor in the according to claim 9 multilayer capacitor and location side where 
said 1st and 2nd internal electrodes inclined may be countered, and mounts said 
multilayer capacitor. 

[Claim 13] A RF circuit equipped with a multilayer capacitor according to claim 1 
to 10. 

[Claim 14] The RF circuit which uses the multilayer capacitor according to claim 
10 as a decoupling capacitor, the capacitor for impedance matching, the 
capacitor for DC cut, or low-pass one / capacitor for high-pass filters. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the multilayer capacitor which 
may be especially applied advantageously in a high frequency circuit about a 
multilayer capacitor. 

[0002] This invention relates to the electronic instrument and RF circuit which are 
constituted again using a multilayer capacitor which was mentioned above. 
[0003] 

[Description of the Prior Art] There are some which were indicated by JP,49- 
1 27736, U as a conventional multilayer capacitor interesting for this invention. 
The multilayer capacitor indicated here has the structure where reduction-ization 
of residual inductance can be attained, and consideration which is suitable for 
use in a RF region is made. 

[0004] Namely, this multilayer capacitor is equipped with the body of a capacitor 
which makes the shape of a rectangular parallelepiped specified with a crosswise 
dimension shorter than the die-length direction dimension and this die-length 
direction dimension and the thickness direction dimension, an end-face terminal 
electrode is prepared on each of two end faces which are specified with the 
crosswise dimension and the thickness direction dimension in this body of a 
capacitor and which carry out phase opposite, and the side-face terminal 
electrode is prepared on each of two side faces which are specified with the die- 
length direction dimension and the thickness direction dimension and which carry 
out phase opposite. 

[0005] Moreover, the 1st and 2nd internal electrodes which counter mutually 
through a dielectric layer are formed in the interior of the body of a capacitor, and 



among these 1st and 2nd internal electrodes, the 1st internal electrode is 
prolonged so that between two end faces of the body of a capacitor may be 
connected, and it is electrically connected to an above-mentioned end-face 
terminal electrode in each of that edge. Moreover, the 2nd internal electrode is 
prolonged so that between two side faces of the body of a capacitor may be 
connected, and it is electrically connected to an above-mentioned side-face 
terminal electrode in each of that edge. 

[0006] Thus, since the multilayer capacitor indicated by the above-mentioned 
official report is equipped with four terminal electrodes prepared, respectively on 
two end faces of the body of a capacitor, and two side faces, it can make residual 
inductance small compared with a thing equipped with two terminal electrodes 
which are the conventional typical multilayer capacitors. 
[0007] 

[Problem(s) to be Solved by the Invention] However, in order to correspond to the 
further RF-ization of the electronic circuitry where such a multilayer capacitor is 
used although residual inductance can be indeed made small if it compares with 
the multilayer capacitor which is equipped with two conventional typical terminal 
electrodes according to the multilayer capacitor equipped with the four above 
terminal electrodes, reduction-ization of much more residual inductance (ESL), 
i.e., an equivalence serial inductance, is just going to desire. 
[0008] Then, the purpose of this invention is offering the multilayer capacitor 
which enables further reduction-ization of an equivalence serial inductance (ESL). 
[0009] Other purposes of this invention are offering the electronic instrument and 
RF circuit which are constituted using a multilayer capacitor which was 
mentioned above. 
[0010] 

[Means for Solving the Problem] The multilayer capacitor concerning this 
invention like the case of the conventional multilayer capacitor The appearance is 
specified with the die-length direction dimension, a crosswise dimension, and the 
thickness direction dimension. The 1st and 2nd principal planes which are 



specified with the die-length direction dimension and a crosswise dimension and 
which carry out phase opposite, It has the body of a capacitor which has the 1st 
and 2nd end faces which are specified with the 1st and 2nd side faces which are 
specified with the die-length direction dimension and the thickness direction 
dimension, and which carry out phase opposite, a crosswise dimension, and the 
thickness direction dimension, and which carry out phase opposite. 
[001 1] This body of a capacitor is equipped with at least one pair of 1st and 2nd 
internal electrodes which counter mutually through a specific dielectric layer so 
that two or more dielectric layers prolonged in the direction of a principal plane 
and a capacitor unit may be formed. 

[0012] The 1st internal electrode is prolonged so that between the 1st and 2nd 
end faces may be connected, and the 2nd internal electrode is prolonged so that 
between the 1st and 2nd side faces may be connected. 
[0013] Moreover, on the 1st and 2nd end faces, the 1st and 2nd end-face 
terminal electrodes electrically connected to each edge of the 1st internal 
electrode are prepared, respectively, and the 1st and 2nd side-face terminal 
electrodes electrically connected to each edge of the 2nd internal electrode, 
respectively are prepared on the 1st and 2nd side faces. 
[0014] the place which boiled and changed various ratios with the die-length 
direction dimension of the body of a capacitor, and calculated ESL in order to 
solve the technical technical problem mentioned above in a multilayer capacitor 
equipped with such a configuration — these die-length direction dimension and a 
crosswise dimension - mutual - etc. - it comes to make a header and this 
invention for the ability of ESL to be made the smallest by [ which are spread ] 
carrying out. 

[0015] On the other hand, when it is going to acquire the body of a capacitor in 
manufacturing a multilayer capacitor, it varies, and there is nothing and it is 
comparatively difficult [ it / when the die-length direction dimension and a 
crosswise dimension are mutually made equal as mentioned above, ESL can be 
made the smallest, but ] to always stabilize the die-length direction dimension 



and crosswise dimension, and to obtain an equal mutually. 

[0016] So, in this invention, when the die-length direction dimension and a 

crosswise dimension are mutually equal, the proper range about the ratio of the 

die-length direction dimension and the crosswise dimension which are stabilized 

and can make ESL small is offered. That is, in this invention, the crosswise 

dimension of the body of a capacitor is characterized by being chosen within the 

limits of 0.9 to 1 .1 times of the die-length direction dimension. 

[0017] As for each width of face of the 1st and 2nd internal electrodes, in this 

invention, it is desirable respectively to have the equal dimension uniformly 

mutually. 

[0018] Moreover, in this invention, the die-length direction dimension and the 
crosswise dimension of the body of a capacitor are preferably chosen within the 
limits of 1 .5-4.0mm. And the dimension of each width of face of the 1st and 2nd 
internal electrodes is more preferably chosen within the limits of 0.9-2. 5mm in 
this case. 

[0019] Moreover, in this invention, when the die-length direction dimension and 
the crosswise dimension of the body of a capacitor are set to a and width of face 
of the 1st internal electrode and width of face of the 2nd internal electrode are set 
to b, as for these [ a and b ], it is desirable to be chosen so that it may be set to 
0.45 <=b/a<=0.90, and they are chosen so that it may be more preferably set to 
0.50 <=b/a<=0.85. 

[0020] Moreover, as for the specific inductive capacity of the dielectric which 
constitutes a dielectric layer, in this invention, it is desirable that it is 50 or less. 
[0021] Moreover, what is necessary is just to prepare the 1st and 2nd internal 
electrodes two or more pairs, in order to acquire high capacity in the multilayer 
capacitor concerning this invention. 

[0022] Moreover, the 1st and 2nd internal electrodes may be arranged in the 
location which inclined toward any of the 1st and 2nd principal planes of the body 
of a capacitor, or a side. 

[0023] When it is going to constitute an electronic instrument with this multilayer 



capacitor and the wiring substrate which mounts this in an above-mentioned 
case, it is desirable to be located so that either of the 1st and 2nd principal 
planes of the body of a capacitor in the location side where the 1st and 2nd 
internal electrodes inclined may counter a wiring substrate. 
[0024] Moreover, as for the multilayer capacitor concerning this invention, it is 
desirable that that primary resonance frequency is 1GHz or more, and secondary 
resonance frequency is 1 .5 or more times of primary resonance frequency. 
[0025] The above multilayer capacitors can be advantageously used in a high 
frequency circuit as a decoupling capacitor, the capacitor for impedance 
matching, the capacitor for DC cut, or low-pass one / capacitor for high-pass 
filters. 

[0026] This invention is turned also to an electronic instrument equipped with the 
wiring substrate which is located so that the above multilayer capacitors and the 
1st or 2nd principal plane of the body of a capacitor may be countered again, and 
mounts a multilayer capacitor. 

[0027] Moreover, this invention is turned also to a RF circuit equipped with the 

above multilayer capacitors. 

[0028] 

[Embodiment of the Invention] Drawing 1 is the perspective view showing the 
appearance of the multilayer capacitor 1 by 1 operation gestalt of this invention. 
Drawing 2 is the top view showing the internal structure of the multilayer 
capacitor 1 shown in drawing 1 with a specific cross section, and (1) and (2) 
express a mutually different cross section in drawing 2 . 
[0029] The multilayer capacitor 1 is equipped with the body 2 of a capacitor as 
which an appearance is specified with the die-length direction dimension L, the 
crosswise dimension W, and the thickness direction dimension T. The body 2 of 
a capacitor has the 1st and 2nd end faces 7 and 8 which are specified with the 
1st and 2nd side faces 5 and 6 which are specified with the 1st and 2nd principal 
planes 3 and 4, the die-length direction dimension L, and the thickness direction 
dimension T which are specified with the die-length direction dimension L and the 



crosswise dimension W, and which carry out phase opposite, and which carry out 
phase opposite, the crosswise dimension W, and the thickness direction 
dimension T and which carry out phase opposite. 
[0030] Moreover, the body 2 of a capacitor is equipped with two or more 
dielectric layers 9 prolonged in the direction of principal planes 3 and 4, and the 
1st and 2nd internal electrodes 10 and 11 which counter mutually through the 
specific dielectric layer 9 so that a capacitor unit may be formed. Even if only one 
pair is prepared, the 1st and 2nd internal electrodes 10 and 1 1 may be formed 
two or more pairs so that clearly from other operation gestalten mentioned later. 
[0031] Drawing 2 (1) shows the cross section along which the 1st internal 
electrode 10 passes, and drawing 2 (2) shows the cross section along which the 
2nd internal electrode 1 1 passes. 

[0032] As shown in drawing 2 (1), the 1st internal electrode 10 is prolonged so 
that between the 1st and 2nd end faces 7 of the body 2 of a capacitor and 8 may 
be connected. Moreover, as shown in drawing 2 (2), the 2nd internal electrode 11 
is prolonged so that between the 1st and 2nd side faces 5 of the body 2 of a 
capacitor and 6 may be connected. 

[0033] Moreover, with this operation gestalt, it has the equal dimension 
respectively uniformly [ each width of face of the 1st and 2nd internal electrodes 
10 and 11 ] mutually. 

[0034] Moreover, on the 1st and 2nd end faces 7 of the body 2 of a capacitor, 
and 8, the 1st and 2nd end-face terminal electrodes 12 and 13 electrically 
connected to each edge of the 1st internal electrode 10 are formed, respectively, 
and the 1st and 2nd side-face terminal electrodes 14 and 15 electrically 
connected to each edge of the 2nd internal electrode 11, respectively are formed 
on the 1st and 2nd side faces 5 and 6. 

[0035] In such a multilayer capacitor 1 , the crosswise dimension W of the body 2 
of a capacitor is chosen within the limits of 0.9 to 1 .1 times of the die-length 
direction dimension L. The desirable ratio of such the die-length direction 
dimension L and the crosswise dimension W is called for based on the following 



experiments. 

[0036] fixing to 2.0mm, as shown in Table 1, the die-length direction dimension L, 
i.e., L dimension, of the body of a capacitor, various crosswise dimensions W, i.e., 
W dimensions, were boiled and changed, the multilayer capacitor concerning the 
samples 1-7 which changed the ratio of L and W by it was manufactured, and 
ESL of each multilayer capacitor was calculated. 
[0037] 



[Table 1] 




LkVWlt 




Wtiitmm] 


ESL[pH] 


1 


1:0.6 


2.0 


1.2 


117 


2 


1:0.8 


2.0 


1.6 


113 


3 


1:0.9 


2.0 


1.8 


106 


4 


1:1 


2.0 


2.0 


106 


5 


1:1.1 


2.0 


2.2 


107 


6 


1:1.2 


2.0 


2.4 


140 | 


; 7 


1:1.4 


2.0 


2.8 


179 



[0038] The width of face of an internal electrode was fixed to 1 .0mm in this 
experiment. Moreover, one pair of 1st and 2nd internal electrodes were formed, 
and thickness of the dielectric layer between these internal electrodes was set to 
100 micrometers. Moreover, specific inductive capacity used the thing of 25 as a 
dielectric which constitutes a dielectric layer. 

[0039] With reference to Table 1, like a sample 4, when the ratio of L and W is 
1:1, ESL can be made the smallest Moreover, like samples 3, 4, and 5, when the 
ratio of L and W is within the limits of 1:0.9 to 1:1.1, ESL is stable in the 
comparatively low value. 

[0040] From this, in order to stabilize ESL low, the crosswise dimension W of the 
body of a capacitor is understood that it is desirable to be chosen within the limits 
of 0.9 to 1.1 times of the die-length direction dimension L. 
[0041] As mentioned above, it is considered to be based on the following reason 
by choosing the crosswise dimension W within the limits of 0.9 to 1.1 times of the 
die-length direction dimension L that ESL can be made small. 



[0042] With reference to drawing 2 , there are a part which overlaps other internal 
electrodes mutually, and a part not overlapping in each of the 1st and 2nd 
internal electrodes 10 and 11. In the part which internal electrodes 10 and 11 
overlap, since the current (the arrow head of a continuous line and a dotted line 
shows.) of a different direction flows, the magnetic flux by which induction is 
carried out is mutually offset by these currents, and can make ESL small 
according to them. On the other hand, in each part of internal electrodes 10 and 
1 1 which do not overlap mutually, since a current flows only to an one direction, it 
acts so that ESL may be enlarged compared with the overlapping part which was 
mentioned above. 

[0043] However, the die-length direction dimension L of the body 2 of a capacitor 
and the crosswise dimension W can make equal mutually the path length of the 
current which flows in relation to these four fields not overlapping, respectively 
since, as for four fields in internal electrodes 10 and 1 1 not overlapping, a 
dimension becomes the same mutually in being mutually equal. Therefore, when 
the magnetic flux in which induction is carried out by the current which flows in 
relation to the field which does not suit in these piles is seen as a whole, it acts 
so that each other may be offset mutually, and can avoid causing increase of 
ESL so much. 

[0044] On the other hand, since the dimensions of four fields in an internal 
electrode not overlapping differ greatly mutually when the die-length direction 
dimension and the crosswise dimension of the body of a capacitor differ from 
each other comparatively greatly, an ununiformity is produced in the path length 
of the current which flows in relation to these four fields not overlapping, 
respectively. Therefore, sufficient counter acting effect of magnetic flux is not 
acquired, but it is thought that increase of ESL is caused. 
[0045] In addition, in order to make equal mutually the dimension of four fields in 
internal electrodes 10 and 1 1 not overlapping and to make it not cause increase 
of ESL as mentioned above, as shown in drawing 2 , it is desirable that each 
width of face of the 1st and 2nd internal electrodes 10 and 11 has the equal 



dimension respectively uniformly mutually. 

[0046] Next, like the multilayer capacitor 1 shown in drawing 2 , making equal 
mutually the die-length direction dimension L of the body of a capacitor, and the 
crosswise dimension W, these LW(s) dimension was changed in the range from 
1 .0mm** to 5.0mm**, and the experiment which calculates ESL was conducted 
according to it about the various multilayer capacitors which changed each width 
of face of the 1st and 2nd internal electrodes in 0.4mm - 2.5mm, and were 
obtained. This experimental result is shown in the following table 2. In addition, in 
this experiment, it was presupposed about other conditions that it is the same as 
that of the experiment mentioned above. 
[0047] 



[Table 2] 






W&«®l§[mm] 


ESUpH] 


11 


I.OmmD 


0.4 


269 


12 


1 .5m mO 


0.9 


87 


13 


2.0mmD 


1.4 


54 1 


14 


j 3.0mmD 


2.0 


63 


15 


4.0m mD 


2.5 


82 


16 


4.5m mD 


2.5 


110 


17 


5.0m mD 


2.5 


149 



[0048] With reference to Table 2, like samples 12-15, when LW dimension is 
within the limits of 1.5mm** to 4.0mm** f ESL is stabilized and it is low. 
[0049] If LW dimension is generally enlarged in relation to this, width of face of an 
internal electrode can be made large, and the degree of current concentration of 
the place where an internal electrode and a terminal electrode are connected can 
be weakened. Therefore, ESL can be made small by enlarging LW dimension. 
[0050] However, like samples 16 and 17, if LW dimension is made larger than 
4.0mm**, ESL will become extremely high. This is considered to be because for 
the dimension of the part in an internal electrode not overlapping to become large. 
Moreover, if LW dimension becomes large in this way, the problem it becomes 
impossible to disregard the stray capacity which may be produced between an 



internal electrode and a terminal electrode will also be produced. 

[0051] On the other hand, if LW dimension becomes smaller than 1.5mm** and 

the margin of 0.3mm of each ** will be taken in the formation field of an internal 

electrode like a sample 1 1 , the width of face of an internal electrode becomes 

small even to 0.4mm, therefore ESL becomes extremely high. 

[0052] As mentioned above, according to the experimental result shown in Table 

2, as for LW dimension, it is desirable that it is within the limits of 1 .5mm** to 

4.0mm**, and, as for the dimension of each width of face of an internal electrode, 

it is desirable to be chosen within the limits of 0.9-2.5mm. 

[0053] Moreover, as shown in drawing 3 , when the die-length direction 

dimension and the crosswise dimension of the body 2 of a capacitor are set to a 

and width of face of the 1st internal electrode 10 and width of face of the 2nd 

internal electrode 1 1 are set to b, the desirable range exists about ratio b/a with 

these [ a and b ]. 

[0054] That is, as for b/a, it is desirable that it is in the range of 0.45 <=b/a<=0.90, 

and it is more desirable that it is in the range of 0.50 <=b/a<=0.85. The desirable 

range about such b/a is called for based on the following data. 

[0055] In each **** which set a to 1 .0mm, 2.0mm, 3.0mm, and 4.0mm, ESL of the 

various multilayer capacitors which changed b/a in 0.3-0.9 and were obtained is 

shown in Table 3. 

[0056] 

[Table 3] 





b/a=0.9 


b/a=0.85 


b/a=0.8 


b/a=0.6 


b/a=0.5 


b/a=0.45 


b/a=0.35 


b/a=0.3 


a=1 .0mm 


48pH 


54 P H 


62pH 


110pH 


160pH 


200pH 


300pH 


380 P H 


a=2.0mm 


20pH 


24pH 


31pH 


80pH 


120pH 


150pH 


250pH 


310pH 


a=3.0mm 


16pH 


21 pH 


27pH 


70pH 


110pH 


130pH 


220pH 


280pH 


a=40mm 


17pH 


23pH 


29pH 


70pH 


110pH 


130pH 


220pH 


280pH 



[0057] Moreover, the ratio of the primary resonance frequency about each 
multilayer capacitor in which ESL was shown in Table 1, secondary resonance 
frequency, and secondary resonance frequency / primary resonance frequency is 
shown in Table 4. 



[0058] 
[Table 4] 







b/a=0.95 


b/a=0.9 


b/a=0.85 


b/a=0.8 


b/a=0.6 


b/a=0.5 


b/a=0.45 


b/a=0.35 


b/a=0.3 






12GHz 


12GHz 


12GHz 


12GHz 


12GHz 


12GHz 


12GHz 


13GHz 


13GHz 


a=1 .0mm 




23GHz 


24GHz 


26GHz 


28GHz 


37GHz 


40GHz 


41 GHz 


44GHz 


45GHz 




2*/1# 


1.91 


2.00 


2.17 


2.33 


3.08 


3.33 


3.41 


3.38 


3.46 




1*#« 


9.6GHz 


9.4GHz 


9.2GHz 


8.5GHz 


7.1GHz 


6.9GHz 


6.8GHz 


6.8GHz 


7.2GHz 


a=2.0mm 


2**fi 


10GHz 


12GHz 


14GHz 


15GHz 


21 GHz 


25GHz 


27GHz 


32GHz 


34GHz 




2#/1# 


1.04 


1.28 


1.52 


1.76 


2.96 


3.62 


3.97 


4.71 


4.72 




1**8 


7.4GHz 


7.0GHz 


6.5GHz 


6.0GHz 


5.1GHz 


4.9GHz 


4.9GHz 


4.9GHz 


5.1GHz 


a=3.0mm 




7.6GHz 


8.6GHz 


9.8GHz 


10GHz 


15GHz 


18GHz 


19GHz 


24GHz 


27GHz 




2*/1& 


1.03 


1.23 


1.51 


1.67 


2.94 


3.67 


3.88 


4.90 


5.29 




1ft#* 


5.5GHz 


5.1GHz 


4.6GHz 


4.4GHz 


3.8GHz 


3.6GHz 


3.6GHz 


3.7GHz 


3.8GHz 


a-4.0mm 


2,*#« 


5.9GHz 


6.5GHz 


7.4GHz 


8.1GHz 


11 GHz 


13GHz 


15GHz 


19GHz 


21 GHz 




2#/1* 


1.07 


1.27 


1.61 


1.84 


2.89 


3.61 


4.17 


5.14 


5.53 



[0059] If there is an inclination for ESL to become higher and b/a is less than 
0.45 especially as are shown in Table 3, and b/a becomes small, ESL will 
become high rapidly. 

[0060] As mentioned above, if b/a becomes small, in each of the 1st and 2nd 
internal electrodes 10 and 1 1 , the area of the part which the 1st and 2nd internal 
electrodes 10 and 1 1 do not overlap mutually will become large, and the degree 
of current concentration in the cash-drawer parts of the end-face terminal 
electrodes 12 and 13 and the side-face terminal electrodes 14 and 15 through 
which it passes, respectively will become high. It is thought that the degree of 
such current concentration depends on becoming it high that ESL becomes high 
as are mentioned above and b/a becomes small. 

[0061] As for this to b/a, it is desirable that it is 0.45 or more, and in order to be 
stabilized more and to attain low ESL-ization, it is desirable that b/a is 0.50 or 
more. 

[0062] On the other hand, in Table 4, the phenomenon in which each resonance 
frequency of primary resonance and secondary resonance becomes nearer is 



seen as b/a becomes large. In addition, primary resonance is resonance by the 
capacity and ESL of multilayer capacitor 1 original, and secondary resonance is 
resonance produced with the stray capacity generated among the end-face 
terminal electrodes 12 and 13 which are not connected with the stray capacity 
and the 2nd internal electrode 1 1 which are generated among the side-face 
terminal electrodes 14 and 15 which are not connected with the 1st internal 
electrode 10 at this at this. 

[0063] When b/a exceeds 0.9 especially, it is the case where b/a is 0.95 and 
primary resonance and secondary resonance will lap with each **** whose a is 
2.0mm, 3.0mm, and 4.0mm mostly. The stray capacity which a mentioned above 
when, and b became large becomes large, and this is produced when secondary 
resonance frequency moves to a low frequency side. [ comparatively ] 
[0064] If the secondary resonance point approaches the primary resonance point, 
since the frequency characteristics of a multilayer capacitor 1 will worsen and will 
shift to a low frequency side, a frequency region usable as a capacitor will fall 
and it will stop thus, being suitable for a RF application. 
[0065] From an above-mentioned thing, an operating frequency region can say 
1GHz or more especially that it is desirable that secondary resonance frequency 
is 1 .5 or more times of primary resonance frequency in the RF circuit of an 
operating frequency region 5GHz or more. In order for it to fill preferably and 
more certainly that b/a carries out to 0.9 or less in order to fill this, carrying out to 
0.85 or less is desirable. 

[0066] While being stabilized and making ESL low from the above thing, in order 
to be suitable for a RF application, as for b/a, it is desirable that it is the range of 
0.45 <=b/a<=0.90, and considering as the range of 0.50 <=b/a<=0.85 is more 
desirable. 

[0067] As mentioned above, a multilayer capacitor 1 is turned in favor of the RF 
application especially preferably of [ 1GHz or more ] 5GHz or more in an 
operating frequency region. 

[0068] In such a frequency region, if the conventional most typical 2 terminal 



capacitor is used, ESL is high, and since the resonance point is located in a low 
frequency side, even if it cannot function as a capacitor and may function, the 
capacitor which may function will be restricted to what has a very small capacity. 
From this, the capacitor of low ESL with a large and capacity is called for, and 
the multilayer capacitor 1 concerning this operation gestalt fills this request. 
[0069] A multilayer capacitor 1 is advantageously used in a high frequency circuit 
as a decoupling capacitor, the capacitor for impedance matching, the capacitor 
for DC cut, or low-pass one / capacitor for high-pass filters. 
[0070] Moreover, as for a RF circuit 1GHz or more, an operating frequency 
region is used in a cellular phone or its base station, and, as for the RF circuit 
5GHz or more, the operating frequency region is used in for example, non-LAN 
(5-30GHz), satellite communication (10-20GHz), ETC (5GHz-), etc. The RF 
circuit which drawing 4 shows the example and was shown here is a circuit of the 
amplifier of the receiving side of the cellular phone for satellite communication 
(operating frequency of 12GHz). 

[0071] In order to cut the dc component of a signal which results from an input 
terminal 16 to an output terminal 17 with reference to drawing 4 , the capacitors 
18 and 19 for DC cut are connected. Moreover, in relation to this signal line, the 
capacitors 20 and 21 for impedance matching are connected. Moreover, direct 
current voltage Vcc is impressed between the source-drains of a transistor 22. 
[0072] In the high frequency circuit mentioned above, the multilayer capacitor 1 
by the operation gestalt of this invention can be advantageously used as the 
capacitors 18 and 19 for DC cut, and capacitors 20 and 21 for impedance 
matching. If it is in the capacitors 18 and 19 for DC cut especially, since more 
excellent frequency characteristics are required, as mentioned above, it is 
desirable as such capacitors 18 and 19 for DC cut to use that in which secondary 
resonance frequency has the property of 1 .5 or more times of primary resonance 
frequency. 

[0073] Moreover, as for the specific inductive capacity of the dielectric which 
constitutes a dielectric layer 9, in a multilayer capacitor 1 , it is desirable that it is 



50 or less. The conditions that such specific inductive capacity is desirable are 
searched for based on the following experiments. 

[0074] In the multilayer capacitor 1 which set to 2.0mm a shown in drawing 3 , 
and set b to 1 .7mm, it asked for the ratio of the primary resonance frequency 
when designing so that the same capacity may be obtained, secondary 
resonance frequency, and secondary resonance frequency / primary resonance 
frequency, respectively, changing the specific inductive capacity epsilon of the 
dielectric which constitutes a dielectric layer 9 in 10-100, as shown in Table 5. 
[0075] 



[Table 5] 




e=10 


e=25 


c=35 


e=50 


e=100 




6.4GHz 


6.3GHz 


6.3GHz 


6.1GHz 


6.1GHz 


2*#1£ 


23GHz 


14GHz 


12GHz 


10GHz 


6.6GHz 


2&/1& 


3.59 


2.22 


1.90 


1.64 


1.08 



[0076] The phenomenon in which secondary resonance frequency approaches 
primary resonance frequency more is seen as are shown in Table 5 and specific 
inductive capacity epsilon becomes large. 

[0077] If epsilon exceeds 50, for example, it is set to 100, it will be less than 1 .5 
which is the minimum of the desirable conditions in the case of the ratio of 
secondary resonance frequency / primary resonance frequency being set to 1.08, 
and being turned to the RF application mentioned above. In order to enable it to 
use a multilayer capacitor 1 in a high frequency application from this, being 
stabilized more, as for specific inductive capacity epsilon, carrying out to 50 or 
less is desirable. 

[0078] Some electronic instruments equipped with the wiring substrate 23 which 
is located in drawing 5 so that it may counter, the body 2 4 of a capacitor, for 
example, 2nd principal plane, of a multilayer capacitor 1 and this multilayer 
capacitor 1, and mounts a multilayer capacitor 1 are shown. 
[0079] As shown in drawing 5 , when a multilayer capacitor is mounted on' a 
wiring substrate, for example, as a multilayer capacitor Like multilayer capacitor 



1. • 

1a shown in drawing 6 , the 1st and 2nd internal electrodes 10 and 11 What is 
arranged in the location which inclined toward the body 2 4, for example, 2nd 
principal plane, side of a capacitor is used. It is desirable that it is made to mount 
multilayer capacitor 1a on the wiring substrate 23 where the wiring substrate 23 
is located so that the 2nd principal plane 4 in the location side where these 1st 
and 2nd internal electrodes 10 and 1 1 inclined may be countered. 
[0080] Since according to the mounting structure shown in drawing 6 internal 
electrodes 10 and 1 1 can be made to be able to approach with the wiring 
substrate 23 and can be arranged, it can shorten compared with the case of the 
multilayer capacitor 1 which showed the distance of the current which flows 
through the terminal electrodes 12-15 to drawing 5 , and ESL can be made 
smaller by it. 

[0081] Drawing 7 is the sectional view showing multilayer capacitor 1b by the 
operation gestalt of further others of this invention in illustration. 
[0082] In multilayer capacitor 1b shown in drawing 7 , it is prepared so that three 
pairs of 1st and 2nd internal electrodes 10 and 11 may counter mutually. 
[0083] Like multilayer capacitor 1b shown in drawing 7 , bigger electrostatic 
capacity can be obtained by carrying out parallel connection with the terminal 
electrodes 14 and 15 and the terminal electrodes 12 and 13 (referring to drawing 
2 ) which are not illustrated which two or more capacitor units were formed and 
the capacitor unit of these plurality illustrated by making the number of the parts 
of the 1st internal electrode 10 and the 2nd internal electrode 11 which counter 
into plurality. 

[0084] As mentioned above, although explained in relation to the operation 
gestalt illustrating this invention, various modifications are possible within the 
limits of this invention. 
[0085] 

[Effect of the Invention] As mentioned above, it extends so that between the 1st 
[ as which the 1st internal electrode is specified with the crosswise dimension 
and the thickness direction dimension of the body of a capacitor / which carries 



out phase opposite ], and 2nd end faces may be connected according to this 
invention. And the 2nd internal electrode which counters through a dielectric 
layer to this 1st internal electrode It extends so that between the 1st [ which is 
specified with the die-length direction dimension and the thickness direction 
dimension of the body of a capacitor / which carries out phase opposite ], and 
2nd side faces may be connected. On the 1st and 2nd end faces The 1st and 
2nd end-face terminal electrodes connected electrically are prepared in each 
edge of the 1st internal electrode, respectively. On the 1st and 2nd side faces In 
the multilayer capacitor with which the 1st and 2nd side-face terminal electrodes 
connected electrically are prepared in each edge of the 2nd internal electrode, 
respectively Since the crosswise dimension of the body of a capacitor is chosen 
within the limits of 0.9 to 1.1 times of the die-length direction dimension, 
according to the current which flows to a multilayer capacitor, the magnetic flux 
by which induction is carried out can be effectively offset now, and ESL of a 
multilayer capacitor can be made small. 

[0086] Therefore, the resonance frequency of a multilayer capacitor can be 
raised,-izing of the frequency region which functions as a capacitor of a 
multilayer capacitor can be carried out [ high frequency ], and it can respond now 
to high frequency-ization of the electronic circuitry where such a multilayer 
capacitor is applied enough. 

[0087] Moreover, in this invention, one specific numeric value is not given about 
the desirable ratio of the die-length direction dimension of the body of a capacitor, 
and a crosswise dimension. Since the numeric value which has width of face, 
such as 0.9-1.1, is given as mentioned above In manufacturing a multilayer 
capacitor, it can respond also to dispersion in the process which acquires the 
body of a capacitor to some extent, and production efficiency of a multilayer 
capacitor cannot be spoiled, and the efficiency of a design of a multilayer 
capacitor can also be raised. 

[0088] Moreover, according to this invention, since a terminal electrode is 
prepared upwards respectively and each terminal electrode has the structure of 



two end faces and two side faces connected to the edge of one of internal 
electrodes while making it equal substantially whether the die-length direction 
dimension and the crosswise dimension of the body of a capacitor are mutually 
equal, the directivity about the die-length direction and the cross direction of the 
body of a capacitor can be abolished substantially. Therefore, the process for 
formation of the handling and terminal electrode of a multilayer capacitor can be 
advanced efficiently. 

[0089] In this invention, if each width of face of the 1st and 2nd internal 
electrodes has the equal dimension respectively uniformly mutually Since four 
fields which do not overlap other internal electrodes in an internal electrode can 
be mutually made into an equal dimension substantially Since it can be made to 
act so that the magnetic flux in which induction is carried out by the current which 
flows in the part which does not suit in these piles may be offset mutually as a 
whole, further reduction-ization of ESL can be attained. 
[0090] Moreover, since it is hard coming to generate electric-field concentration 
in the specific part of each internal electrode as mentioned above when each 
width of face of an internal electrode is uniform respectively (i.e., when an 
internal electrode does not form an angle in the periphery section), the withstand 
voltage of a multilayer capacitor can be raised. 

[0091] Moreover, in this invention, if choose the die-length direction dimension 
and the crosswise dimension of the body of a capacitor within the limits of 1 .5- 
4.0mm, the dimension of each width of face of the 1st and 2nd internal 
electrodes is further chosen within the limits of 0.9-2. 5mm or it carries out, the 
reduction effectiveness of ESL which was mentioned above can be attained 
more certainly. 

[0092] Moreover, when the die-length direction dimension and the crosswise 
dimension of the body of a capacitor are set to a and width of face of the 1st 
internal electrode and width of face of the 2nd internal electrode are set to b in 
this invention, 0.45 <=b/a<=0.90 - more preferably If it chooses so that it may be 
set to 0.50 <=b/a<=0.85, while being stabilized more and being able to make 



ESL low The fall of the frequency characteristics caused when each resonance 

frequency of the secondary resonance by stray capacity and original primary 

resonance approaches can be prevented more certainly. 

[0093] Moreover, in this invention, it can consider as the multilayer capacitor 

which could make hard to produce the phenomenon in which secondary 

resonance frequency became near to primary resonance frequency, and fitted 

the high frequency application by making or less into 50 specific inductive 

capacity of the dielectric which constitutes a dielectric layer. 

[0094] Moreover, in this invention, if it has two or more 1st and 2nd internal 

electrodes, it can consider as the multilayer capacitor which gives larger 

electrostatic capacity. 

[0095] moreover, the 1st and 2nd internal electrodes - either of the 1st and 2nd 
principal planes of the body of a capacitor - when arranged in the location which 
inclined toward the side, distance of the current which flows through a terminal 
electrode by locating a wiring substrate can be shortened more so that either of 
the 1st and 2nd principal planes in this partial location side may be countered, 
and low ESL-ization by it can also be attained. 

[0096] Moreover, when the primary resonance frequency of the multilayer 
capacitor concerning this invention is 1GHz or more and secondary resonance 
frequency is 1.5 or more times of primary resonance frequency, secondary 
resonance affects primary resonance, frequency characteristics are reduced, and 
since it can prevent certainly that the primary resonance point shifts to a low 
frequency side, it can be used as the capacitor suitable for a high frequency 
application. Therefore, such a multilayer capacitor can be advantageously used 
in a high frequency circuit as a decoupling capacitor, the capacitor for impedance 
matching, the capacitor for DC cut, or low-pass one / capacitor for high-pass 
filters. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the perspective view showing the appearance of the multilayer 
capacitor 1 by 1 operation gestalt of this invention. 

[Drawing 2] It is the top view showing the internal structure of the multilayer 
capacitor 1 shown in drawing 1 , and (1) is shown with the cross section along 
which the 1st internal electrode 10 passes, and (2) is shown with the cross 
section along which the 2nd internal electrode 1 1 passes. 
[Drawing 3] It is the top view showing the body 2 of a capacitor with which the 
multilayer capacitor 1 shown in drawing 1 is equipped, and is for explaining the 
relation between a as the die-length direction dimension and the crosswise 
dimension of the body 2 of a capacitor, and the width of face b of internal 
electrodes 10 and 11. 

[Drawing 4] The multilayer capacitor 1 shown in drawing 1 is drawing showing 
the circuit of the amplifier of the receiving side of the cellular phone for satellite 
communication as an example of the RF circuit applied advantageously. 
[Drawing 5] It is a front view for explaining the mounting structure to the wiring 
substrate 23 of the multilayer capacitor 1 shown in drawing 1 . 
[Drawing 6] It is a front view for explaining the mounting structure to the wiring 
substrate 23 of multilayer capacitor 1a by other operation gestalten of this 



invention. 

[Drawing 7] It is the front view showing the internal structure of multilayer 
capacitor 1b by the operation gestalt of further others of this invention. 
[Description of Notations] 
1, 1a, 1b Multilayer capacitor 

2 Body of Capacitor 

3 1st Principal Plane 

4 2nd Principal Plane 

5 1st Side Face 

6 2nd Side Face 

7 1st End Face 

8 2nd End Face 

9 Dielectric Layer 

10 1st Internal Electrode 

11 2nd Internal Electrode 

12 1st End-Face Terminal Electrode 

13 2nd End-Face Terminal Electrode 

14 1st Side-Face Terminal Electrode 

15 2nd Side-Face Terminal Electrode 
18 19 Capacitor for DC cut 

20 21 Capacitor for impedance matching 
23 Wiring Substrate 
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[Drawing 1] 




[Drawing 2] 



5- 



(1) 
13 8 
W 



1 



L 



"t! 



7 12 



10 



(2) 



13 



-15 



14* 



7 



irr 

7 



-15 



\ 9 
12 



[Drawing 3] 
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[Drawing 4] 
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[Drawing 5] 




[Drawing 6] 
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a y f > t*fr © 2 o©SI*s J; t; 2 oo 10 

3fc*. se^oAMKi^WS^Vx^-Cfc^ 20CDSS 
[0 0 0 7] 

J; 5 & 4 o<7>*?-®si£r«gx.5«Ji 3 v^'viMcttv 
tf, 2 oO^«^£<ffi;i5^®3^ 

it^i-n«, & 5 (J if J8«-f * * *r/h S 

(ESL) ©{6l*flsa*3*n5 

[0 0 0 8] ^r^-t\ :io^«l6!itt> ^tfK?iK^ 
ytp^* (esl) o$ ib&sf&M-ffc^iEt-i-a^ 

[0009] r^soioiWii, JbiSLfcJ: 

[0 0 10] 

[ooii] ;o3yfyf*ftii, isro^faKUi'tf 

[0012] mi<ofr$>m.mn, mm^m2o^m 

[0 0 13]*t J(Slj3j:tJfJiS2 0*Hffi±fctt, Ztl 
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4 

iMBte«*«)l!:«ltt*^*» l*±t**2©flM64IHMt 
[ooi4] rwi5^*ix5SI=-yr>tic 
1h«*©*3;frflTl*fc©Jfc*&«Al£«^ ESL& 

[ o o l s ] JzatiO J; 5 $ ^-f^iTl-^ <>s^-fS] 
[0016] -er-c, :oi«ttt, g$*(6]^t*s 

ft, 3Vx>-1f##^f*fi-^)£ti:> S**rtTlt6© 

o. 9~i. lftfottHrtmjUtfnarfcSrWftfcu-c 

[0 0 17] tro^^SSV^Tv ^1*JJ;T>*»2<7?F*9^ 

[0018] *fc, rroSMBteaavT* $?£L<tt, 3 
^^1>-*^«5g$*tPi^*3j;th*ffi^f6j-^ffitt, 1. 

5~4. 0mm(D«5iarttCigtfn5o * Ut, l©i 
•g-, ±9$f£L<ttu *i*i*lM&2©rttt««0>#« 
0. 9~2. 5mmro(Si[*ii;llitl2>. 

[0 0 19] :©f!3tB> ayr>t*fr©S 

<Otl*3.tT>*M2C0rt§l5a*i<7>ti$rb i: U/cir^x -*v£> 
a*3<tt>*b(i > 0. 45^b/aS0. 9 0i&5,fc5 
K:jBtftt5it* s iiF*U<. i>3»*b<tt> 0. 50 
^b/a^0. 8 5 t^^i 
[0 0 2 0] r<O^P^^J:*3V^-C, Sltt^S&fli^ 

[0 0 2 1] r(D5|P^|C^5aS3>7 ? >f-|-*3 

[0022] Sgi43iOf*2©rt««Stt, 3 > 

[ 0 0 2 3 ] ±SB©»£\ :©Kgayfytt:M 

5 * > J(S 1 *» JzVJK 2 (WftmmfrK&otzGLWiMz 
fe 5 3 yfyf^Of 1 *5<fcth*3f? 2 W^ffi<7)V^-f tv*> 
1 *SE«§lS«»J:*flfi]-r5«t pt^E$n5^t* s »*L 
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[oo3i] EI2 (i) n i cortgem® i o a*ii2> 

WffiSr^U 1112 (2) tt N #2<Drt8B«ffil 1 

[0 0 3 2] 1212 (1) l-^-r<t5i-v |g 1 ©l*3Sl$®^ 
ioa, a vt** 2 rog 1 *3 ±t)!« 2 ©ffil 7 *5 

(2) l^-f J:5t, !&2©i*ig|Sffi^i itt» ^fv 

iMeft: 2 ©IS 1 *3 iT/fS 2 <7>«Uffi 5 i3it>* 6 W^ril^-f- 

[0 0 3 3] *fc, rcoHJS^fg-en j&ii3J:tMB2 
<Drt£&mffil 0*3i-O*l 1 ro#<Stt-t^tt— "9 

[0 0 3 4] nyf ; yt**2©^l*5iU : f 2 

0O#J»»H:**MfcSM**^5* 1 *J ©iBffi 
*mWE 1 2 *5 <fcT>* 1 3 i>mV btl, mi& itje* 2 © 
«ffi5*Jj:l*6±l!:tt, *ive*t, JB2 0>rt8WtSi l 

[0035] rro<fc 5 ftSm^xy-^ i d*3i,vr, a 

o. 9~i. lfgroSSHrtt-iltitue. -<o±5>ift$ 
^■(6]T|-ffiLi:^>I*■(6]^•^£WtcDj^f*UV^tfc^tt, iilT<0 

[00 3 6] mi Krrrr <t 5 (-x 3 vfyf*»og £ 

ir«ft»(*li-5*i*iJ:lfJ|52©iili7*J < ttJ«8**L b, MWto^Swi-fcfcfeW'+ttfca* te*!*.. **tfc 
TV , 5 i^t, LfcW«3tt**ftb-«:fc*Wi~7»c«5a» 

[0 0 3 0] 3 yfyt**2li, ±ffi3*5it>- a^MfflU #«I=<yf VfOESLSr** 

-tf-^-s/ h ^Mt 5 i 5 9 [0 0 3 7] 
i:v^#fai-Sl&i*JJ;tJ«8$2tf>i*iSB®Si o*5±u<i* [*i] 





U:W<Difc 






ESLtpH] 


1 


1:0.6 


2.0 


1.2 


117 


2 


1:0.8 


2.0 


1.6 


113 


3 


1:0.9 


2.0 


1.B 


106 


4 


1:1 


2.0 


2.0 


106 


5 


i 1:1.1 


2.0 


2.2 


107 


6 


1:1.2 


2.0 


2.4 


140 


7 


| 1:1.4 


2.0 


2.B 


179 



[0038] zommz&^Xs w®nm<o^ii- o -c, 2 5©t><D*jnv^:. 

mmltltLfc. l»0»l*Jj:tK*2 0rt»« I 0 0 3 9 ] * 1 &#RR LT, »4 © J; 5 IE, Lt 



v 0 

[0 0 2 4] ro»WB:«5«* = >^'^l7-tt» 

*©lfc#SUfl»*a«lGHzgl±-e*>IJ> *»0 2»# 
1 &*SJSIi£$c© l . 5«et±-C*)5wfc^ 

[0 0 2 5] ifccjiSfcaJBa^f^lJ-tt, JSJSI&Ih] 
v-9-fc LTWftJf^v^ r. fc**-c*5. 10 

[oo2 6] ckt^wh a^as^v 

[0 0 2 7] r.©3S9i«\ ±jifei75<t 5^S^= l > / 

[0 0 2 8] 

(i, Unc^Lfca^^yx^iMWrt^flfigSritt^ 20 
»f®$:'bo-C^-f-¥ffil2lt?*> l ?s E12^*3V^T. (1) 
t (2) fcttEVMcHftSWrffiSrS^b-CVS. 
[0 0 2 9] aiayfyf ltt, ft$^|6lM-ffiL, « 

$^5ayfxt**2S:itt:v^5. a^r^u-tt 

211 «$*|ft]"«J1SfeL*Jj:Ty«*iftl-«ft*wicJ:o-caJt 



(5) 



OJfc4«l:0. 9d>fcl:l. 1 OlSfflrt f-fe 5 fc # , > 

es LttJtttftffiv^^sftLr^a. 

[0 0 4 0] ro^t^b, ESL£{J£< 

Sloo'. 9-1. i«©ttBrtte»tfixark##* 

[0 0 4 1] ±i££>±5l-> «#fi^Sw«r«S;aFr&r+ 
SLO0. 9-1. l^OlSHrtlcig^r irtcioTE 

[0 0 4 2] EI2£:#i&LT, 1 ^<tl>^ 2 (OftUM 

lOfcitfl l^£&^9$&#U::^Tte, J^£* 

*5ctt>* 1 1 (OSVMCfift 9 ^:b^V^C#l£:fc^T 

[0 0 4 3] L^L&^lb, =r>^>'^ft:2^S^^ 
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LTEfci£S£ti\ SVM^Srf&a: 
ESLcDit^S:^n^i*^B^^v^J:5^t- 

[0 0 4 4] rtU-ttbT, ny^yftMSJ^] 

So "tntcfr, mi&(n+fttj:tem®m$mt>ti~r, es 

[0 0 4 5] fc*5, ±3diL/cJ: rtgum^li o*3 X 
t>*l l t^l4bMtSfi^9^^v^4oco®is!c^^&$r5:v^ 

fctt, Emc^-fct?^ ^l*5ctt>^2^rtg|5«® 1 

o&cfctfi i (D^m^tn^n-m^^o ^osvm^ 
[0 0 4 6] m 2 L,±mm = >-7*>-v- i<vx 

mD^^S. 0 mma^TCO|BH*C^^x ^tUOCC 
Tx ^l*5iD ? ^2<Orta«^#*I^O. 4 mm- 

2. 5 mmcomm^^xm^ntcm^ (omm^^^ 

[0 0 4 7] 
[312] 







n&tt&ISCmm] 


ESLCpH] 


11 


LOmrnD 


0.4 


269 


12 


1 ,5mmO 


0.9 


87 


13 


2.0mmO 


1.4 


54 


14 


3.0mm □ 


2.0 


63 


15 


4.0mmO 


2.5 


82 


16 


4.5mmD 


2.5 


110 


17 


5,0mmD 


2.5 


149 



[0 0 4 8 J ^2 £#RBLT, Wfrl 2—1 5©i5 
K s LWWl. 5mmDM4. OmmOOiSHrt 

[0 0 4 9] rtUrSligLT, Httl^ LWtft&*J 

ESL^h§<t5:i* s t#5, 
[0 0 5 0] LA>L<c*sfc, Kjsfl 6*sJ:tM 7©i? 
Id, LW+jfeSr4. OmraDitl^Knt ESL 



[0 0 5 1] l LWTMfe#i. 

[0 0 5 2] -b<D J: 5 ^2 (c^ LfeHS£*£SK: ± 
LW^tfett, 1. 5mmD!l>?)4. OmmDOg 
50 BrtK&S^t^jff*^, * /c > rt8B«flSO#BO^ 
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mt, 0. 9-2. 5 mmOftirtlcltf tl5 1 1 

[0053] @3}C/Tt± 5fc, nyfyf** 

fcfc*, mtatbtOJtfb/aHlHLT, » * L 

[0 0 5 4] f^^j, b/aH 0. 45^b/a^ 
0. 9 OOgSSiCfcar £flS#* L< , 0. 5 0^b/* 



*a^0. 8 5<DVm\z-$>z>zt&i. t>#*LV\, 

[0 0 5 5] S3i:H, a 5:1. 0 mm, 2. 0 mm, 
3. OmmjSjltM. Ommi Ltc&Vk&\z&\,^T^ b 
/a£0. 3-0. 9<DjBB-CSE*.T»e>*lfca^Oi9f 

[0 0 5 6] 
[*3] 





b/a=0.9 


b/a=0.85 


b/a=0.8 


b/a=0.6 


b/a=0.5 


b/a=0.45 


b/a=0.35 


b/a=0.3 


a=1 .Omm 


48pH 


54pH 


82pH 


110pH 


160pH 


200pH 


300pH 


380pH 


a=2.0mm 


20pH 


24pH 


31pH 


80pH 


120pH 


150pH 


250pH 


310pH 


a=3.0mm 


16pH 


21 pH 


27pH 


70pH 


110pH 


130pH 


220pH 


280pH 


a=4.0mm 


17pH 


23pH 


29pH 


70pH 


110pH 


130pH 


220pH 


280pH 



[0 0 5 7] St4lCtt, SUCjSV^ESL^ SK^TStlTV^, 

Lfc#a@=I>'T f >'1^^wov^■ro^isfc#fiaig^6^ 2& [005 8] 







b/a=0.95 


b/a=0.9 


b/a=0.85 


b/a=0.8 


b/a=0.6 


b/a=0.5 


b/a=0.45 


b/a=0.35 


b/a=0.3 






12GHz: 


12GHz 


12GHz 


12GHz 


12GHz 


12GHz 


12GHz 


13GHz 


13GHz 


a=t .0mm 


2*#*g 


23GHz 


24GHz 


26GHz 


28GHz 


37GHz 


40GHz 


41 GHz 


44GHz 


45GHz 




2#/1* 


1.91 


2.00 


2.17 


2.33 


3.08 


3.33 


3.41 


3.38 


3.46 






9.6GHz 


9.4GHz 


9.2GHz 


8.5GHz 


7.1GHz 


6.9GHz 


6.8GHz 


6.8GHz 


7.2GHz 


a=2.6mm 


2*#fi 


10GHz 


12GHz 


14GHz 


15GHz 


21 GHz 


25GHz 


27GHz 


32GHz 


34GHz 




2&/1* 


1.04 


1.28 


1.52 


1.76 


2.96 


3.62 


3.97 


4.71 


4.72 




1*#£ 


7.4GHz 


7.0GHz 


6.5GHz 


6.0GHz 


5.1GHz 


4.9GHz 


4.9GHz 


4.9GHz 


5.1GHz 


a=3.0rnm 


2*#g 


7,6GHz 


8.6GHz 


9.8GHz 


10GHz 


15GHz 


18GHz 


19GHz 


24GHz 


27GHz 






1.03 


1.23 


1.51 


1.67 


2.94 


3.67 


3.88 


4.90 


5.29 




1*tt« 


5.5GHz 


5.1GHz 


4.6GHz 


4.4GHz 


3.8GH2 


3.6GHz 


3.6GHz 


3.7GHz 


3.8GHz 


a-4.0mm 


2*#« 


5.9GHz 


6.5GHz 


7.4GHz 


8.1GHz 


11 GHz 


13GHz 


15GHz 


19GHz 


21 GHz 






1.07 


1.27 


1.61 


1.84 


2.89 


3.61 


4.17 


5.14 


5.53 



[0 0 5 9] S3l^fJ; 5(-> k/aii/h$<45K 
iJoT, ES L**J:9*< ^ 5^1*1*5 fe 19 v ttt, b/ 
a#0. 4 5$rT(E]3i: > ES Li^W^KtaZo 

[0 0 6 0] ±.&<V£o\^ b/aas/hS<>5c5t» % 
\&&Tf-%'l<F>HUW& \ 0*3J:T>'1 1 cO^ti^'tU^ 
V^T, % 1 *3£T>*gr2COrtgBmi® 1 OJJWl 1 

tti2Sivi34 bmcffliaflre-ttffi 1 4 feiz>* 1 5 

[0 0 6 1] r<Dit*>f>, b/attO. 4 5Kitfe 

5rt#if*L<, iti^UTteESL-ftSrSSfc* 
[0 0 6 2 ] te*, S?4 fcfcVT, b/a^t</j:?i 



«Jfcj3j:tfJ|S2©rt«««i 1 t £*bfcSMJt3*tfcv , »i» 
Bffi^m^i 2*jJ;tfi 3 t<?5Mtc:«^i-5??jgSSl- 

[0O6 3]»S, b/a^o. 9 5rM5t#. fct 
tllb/aiSO. 9 5 tfo^i^ot, ari*2. 0 
mm, 3. 0mm*Jit>'4. 0mmO#i^Htt, 1 & 

Jfc«W**VMft£-»::*sv'»-c, b a?** < ft 5 r t K «fc o 
T, Mi* Lfc#i6£ft#** <*!>,; 2 

[0064] ro<fc5t;:, 2 **iRjiK** i lk#iSAtc3a 
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MtW^T^otL*^, S5JSi£/Hi£»;:5I£ft<ft * i'lcfcl^Tffl^^-CV^o SI4«u *:<DM,#m&ffrt 

[0 0 6 5] ■te^^jSifciSe^l GHz IS (ffifflSS»12GHz) <D§:{tliUJ<73ii*I§§<£>[I]?g-e 

*3V>T(4, 2 &*ffiJD!&&;6S 1 &#ffiJl&$:<75 1 . 5« [0 0 7 1 ] 04 £#J>gLT, Xt}^ 1 6*»?stil^fig 

fcfelcft, b/attO. 9^Tti"'5W* 5 Sf^L<v J: y hffl => ^rVfi 8 *3 l 9 ^SMaStbTva. £ 

Lt\ y/«fe*Ki3>7 t yt2 0j3j;t;2 i3Mg^£*vc^ 

[0 0 6 6]K±OitH, ESL^Lt«<t 10 -5c F5^^2 2roy-7-KW^Bt 

b/ali, 0. 45^b/a^0. 9 0 E [ 0 0 7 2 ] _h5£ L/cii5Jai&[H]i&l-*Sl^-C, DC% -y h 

t*5$f*L<, 0. 50^b/a^0. 8 5 (0©ia t -f ffl = >"«f 1 8 *3<tt>* 1 9 ft &tW>f is \£—?y*-* 

5rii«J:!)ff*U\ y^ia>7 f yt2 ojsitf 2 1 1 Lt, 

[0 0 6 7] ±3£cO<fc5»^ SSavfyflll, <D3iJfe7£ISK £Z>mm=t >*f 1^9-1 SrflfUfcJBva E t 

ffltt»*flSlGHzeUh, #fc#*L.<tt, 5GHzW *"C#5. 4tf-> DC#y hffl3>fyf 1 8*»itfl 

[0 0 6 8] E©J:5*«»ttttfc*SV v C\ tt*©*t> E«>J:5*DC* y hWaV^^l 8*»itFl 9 

AM6t)ft2^3VT r Vth^ffl§tl-5t, ESL^I t Lt, tfUfiLfctpl-. 2 8c£JBH&&£* 1 &#MJ1 

•5 n Sl^aft-C/jNSVtOlwRfettS. [0 0 7 3] £fc, Siayfyfll^V^ mmW 

[0 0 6 9] aSayfyflti, S5J5'iSlHjKH:*JV^ [0 0 7 4] E!3tC^Lfca £2. OmmfcU b <£: 

[0 0 7 0] ttfflJWj6««a*i GHz£t±©K« *J:V2ft*iBJa«lfc/'i*#aWI«W:»lt*«r*tv? 

j&BSSHs fct^Ji, M^fifrt<o»fiJHfc J? n*fcfc„ 

lc*ji^-CJH^6iv ttffl«»»«a*6 gh z»±©S!« [00 75] 

^iHlSStt, fci:X.»2, iLAN (5~30GHz) , ffi [^5] 
Milff (10 — 20 GHz) , ETC (5GHz~) ft* 





£=10 


e=25 


£=35 


e=50 


e=100 


1*#« 

2;*/i& 


6.4GHz 
230Hz: 
3.59 


6.3GHz 
14GHz 
2.22 


6.3GHz 
12GHz 
1.90 


6.1GHz 
10GHz 
1.84 


6.1 GHz 
6.6GHz 
1.08 



[ 0 0 7 6 ] $c 5 o »C, itWsm,^ i < ft 

[0 0 7 7 ] (i!50Mt 7ttx.tfl00lr.ftS 
fc, 2 #.#mffl& l &/ 1 J£4U*1. 0 8 

i • 5SrT@5, :<o:iH, i« 



[00 7 8] ®5^tt, Siayfyf li, 

3 ^r^-if i ©3 y^viM^ 2 cofc fc 2 c?£ffi 

[0 0 7 9] fct^tf, E! 5 fcfli Lfc i 5 fc, = 
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2 <D1t h X.tf3? 2 <D±ffi 4 fflUHtffco fc&fiKEB 

1 0j3«tT>*l l^ J H-^Fofc'teaffil^fc5^2<0±S4tc 
J*I*lf 5 <fc 5 lcEiMl&K2 3 %ffifi$*/c«Sg-C, EM 

mm 2 3 =i vr^i?- 1 a zmm-tz i 5 fc-f** 

[0 0 8 0] |6t* Lfc2£g1#a£tw < k*Uf, rtMtffi 
SrtiiT'tet*, ffi^F-Sfig 1 2 ~ l 5 Srii LTBftti 
KUfc^TJK-f-sr i#-c£, -t*UcJ:o-c, esl$t 

[0081] ®7tt, r.o»wo*fe^te©*lfi»tiic 

[0 0 8 2] HI 7 LfcWS ^ Vr^-tJ- 1 b m*jV>T 

3»©«is3j:ir*2©rta«*8ioa8j:ufi us* 

[0 0 8 3] [21 7 (c^Lfc^/l =i>"r 1 b co<t 5 

IC, m 1 <75F*3gBm@ 1 0 i5?2©rtg|5m^l 1 fc ©fcffa 

bycafL'ivwiii 2*3ii>-i 3 m2&m) 

[0 0 8 4] EA±, r©*?3£ei^L;fc0S2ftJI£l®fc:Hi£ 
[0 0 8 5] 

SriStei-ii^fciSV. »i*3j:tfJfS2<0iilffi.hli:Ht % 

r/m2©ffiiJffi±Wi, Jtateh,, Sg2©rtg&fl;#i©£ffi 
«B5tc*«65tc«ttS*t5* 1 *3 itffg 2 OMSilimBtt 

■9-*flso«*i*i^jsfea«ft**H*i-«rtferoo. 9~i. iffip 
[0086] -e<D7t*. mm^>f>^-(o^umt&^ 
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[0 0 8 7] r<0^IBf-*JVTI4. nVx^lJ-* 

fcj:?^ 0. 9 — 1. l t^j X 5^+I$r*-r-5fcfii: 
10 at/S-fSri; aJB = ^V!H04Sms|tSra>5e 

[0 0 8 8] 4fc, iO»WHlJ:tbtf. a^fVt** 
O* «*l6]'+«fei: ^2VMc^e LV^^fW 

' l£^L< Sn^t irtl-x 2o0«gE43J;0 5 2o(0j»|ffi 

[0 0 8 9] Z.<DmW\Z$$\,^X, tH l*5<tt>'M2©F*3g|5 

fc*B«i-aJ:5fcf^ffi**Sri:as-C#*«>-C» ESL 
30 [0 0 9 0] 4/c, -tai©J;5t-> rtfB«*i©#*I* J -?: 

-cfl;#ft t t 3 >6 s ^C}-< < ^a©-c. as =i >^ >-^C0MJ 

[00 9 1] i©5g?^^Cl^V^-t. a^^lf*^ 

©ft**l*H-ffi43j:U { «*r*I'+Sc*l. 5-4. 0 mm 
©$SBrtKiSA/fc9, ^^fctt, ^l*iJ;t>-^2©rt&15 
A;1&©#i|>S<D-+te3:0 . 9~2. SmmWefflfll^ 

40 |l^^-r5-i:*s-C$5o 

[0 0 9 2] *7t, :i©3893K.*Sl^-C, ^yfyf^ft: 

«@©*I*5j;r/^2©F fe 9g|im^l©*I2rb t Lfctt, 
0. 45^b/a^0. 90, it)$f*L<{4s 0. 5 
0Sb/aS0. 8 5 ± 5l'3S-&£> ESLlri 

<fc 5 2 <Sfe*ti t #?t5© 1 29c#rtE t <D*n?n<D#mmt8i 

50 [0 0 9 3] *fc N ^©3gP^^Ci3^^T^ ^^JgSrflffiS; 
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[0 0 9 4] Sfc* rO^PJ^^5V>T, «»<D&1*$J; 

[0 0 9 5] *l*5iV»2 0rtftJa«i^ =*V 

f yf*«:Og 1 *5±tff 2 ©±ffi<D^f iia^l^* 
ofctt«tcE«3ivt^5i:#. :ofr»ofcttMll: 10 
l *5 itMB 2 cD^n^-rftMzttfalrZ) X b \z 

j&ES Ufc;£0£;i 
[0 0 9 6] *fc, ^W^f^^ai^yr^l 

«*ift#«JB««oi. 5fffjy±-efc5t#. 2&* 
[BSaffi¥tttt91] 

[0 2] 0 1 tc^ LfcaS ^ vryf 1 <0rt8Bflfig«r* 
•f^pffiSTfc^, (l) «»i OrtfflJ«ffii 0*5ig5Uf 30 
ffi&t>oT*U (2) B»2<Ortffl«ttl l* ? ii5Wf 

[0 3] 0 i»;:SLfc»JB = >'9 f >'* it-fit i5 3 ^7* 
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